Breast cancer is the most common female cancer in the developed world and accounts for 25%e30% of all new cancer diagnoses in the women [1, 2] . Invasive lobular cancer (ILC) is the second most frequent subtype after invasive ductal cancer (IDC), accounting for 8%e15% [3e5] of cases. The incidence of ILC has been steadily increasing since 1987 while rates of IDC have remained relatively constant. It has been postulated that the increase in incidence of ILC may be related to the use of combined hormone replacement therapy [6] .
Due to its morphology and growth pattern, ILC frequently does not in result mass lesions on imaging and can be challenging to diagnose both clinically and radiologically.
This pictorial essay illustrates the features of ILC on mammography, sonography, and magnetic resonance, all of which are essential to diagnosing this type of breast cancer.
Histopathology
An understanding of the histopathology of ILC is essential when attempting to grasp some of the potential difficulties in diagnosis. The mammary gland consists of a branching ductal network, leading from the collecting duct at the nipple via segmental and subsegmental ducts to the terminal duct lobular unit (TDLU). Most breast cancers arise in the TDLU [7] . Emerging evidence suggests that lobular carcinoma in situ and atypical lobular hyperplasia are precursors of ILC [7, 8] , frequently referred to as lobular neoplasia. Lobular neoplasia is characterized by small monomorphic cells that fill and distend the TDLU and subsequently spread through the ductal system. In ILC, malignant cells typically infiltrate and invade the breast stroma in single files. E-cadherin, a transmembrane glycoprotein involved in cell adhesion, is rarely expressed in lobular neoplasia or ILC [8] . Therefore the infiltrating cells in ILC often do not destroy anatomical structures or incite a connective tissue response. Consequently, mass lesions are less frequent than in other breast cancers subtypes. As a result, ILC presents a diagnostic challenge [3] .
Mammography
The reported sensitivity in the literature of mammography for the detection of ILC varies widely from 34%e 92% [4] and is inversely related to the breast density. Figure 1 illustrates a well-demonstrated abnormality in a well-involuted breast, compared to a relatively dense breast.
The imaging features of ILC are variable in the reported literature. In most of the reported series, a mass is the most common mammographic sign of ILC (44%e65%) [4, 5, 9] . Newstead et al [10] , however, found that in their series of 37 ILCs the most common finding, in 57%, was asymmetric opacities and architectural distortion.
Of the mass lesions identified in all reviewed papers, most had spiculated or irregular outlines (44%e65% of all findings) [4, 5, 9] as shown in Figure 2 . This appearance is likely to be related to the infiltrative pattern of ILC. Well defined, round or oval smooth masses are only reported in 1% of cases [4] . The masses are often isodense or hypodense relative to that of surrounding breast parenchyma [9] . This is particularly true of spiculated masses [4] . As a result, the area of abnormality is often extremely difficult to differentiate from normal breast tissue as shown in Figure 3 .
Architectural distortion is the second most common mammographic abnormality, as illustrated in Figure 4 , present in 10%e38% of patients [4, 5, 9] . It should be noted that in the series reported by Kombar et al [9] , 4 of the 12 cases of architectural distortion had an additional, associated mass present as demonstrated in Figure 5 .
Asymmetrical density ( Figure 6 ) of breast tissue is another, subtle finding present in up to 19% of patients [5] . As illustrated by Figure 4 , many asymmetries due to ILC will only be seen on one view, most often the craniocaudal view [4] .
Harvey et al [11] recently identified a further mammographic sign, which may be specific to ILC: that of ipsilateral mammographic decrease in breast size. Measurements were taken from the nipple to the pectoralis major muscle on the mediolateral oblique view and compared to previous mammograms. The size decrease was present in 5 of the 30 patients in their series and was statistically significant compared to the contralateral normal breast. The authors postulate that the apparent decrease in breast size is likely due to the decreased compressibility of the breast secondary to the infiltrating nature of ILC. A relatively subtle size disparity can be seen in Figure 7 . Figure 8 shows more apparent difference in size, accompanied with a spiculated mass and nipple inversion. The presence of microcalcification varies widely although its presence is consistently lower than in IDC. There is some debate as to whether microcalcification, when present, is due to a ductal component of a mixed lobularductal tumour or caused by synchronous ductal carcinoma in situ.
Ultrasound
The sensitivity of ultrasound in the demonstration of ILC is reported at between 68%e98% [4, 5] and increases with the use of higher frequency probes. In addition, it is superior compared to mammography in identifying multicentric and multifocal tumours [4] .
In a recent study, Porter et al [5] considered the ultrasound imaging of 360 women with ILC. The presence of a hypoechoic mass was the most common finding; in 51% of cases shadowing was present as in Figures 9e11 and in a further 21% there was an irregular mass without shadowing ( Figure 12 ) [5] . Figure 12 also highlights the difficulties identifying ILC. In this patient with breast implants the hypoechoic mass seen on ultrasound was mammographically occult. These finding are supported by a review by Lopez et al [4] and other individual studies who report irregular, hypoechoic masses with posterior shadowing in the majority of cases of ILC [9, 12] .
Watermann et al [13] compared ILC to IDC and found that irregular shape (88%) and indistinct tumour margins (94%) were significantly more frequent in ILC than IDC.
In contrast to other studies where masses are most frequently hypoechoic, Watermann et al. [13] found that the greatest proportion (66%) were isoechoic. Hyperechoic masses ( Figure 13 ) are infrequent; Watermann et al [13] reported 1 case and of the 360 patients studied by Porter et al [5] only 5 (1.4%) had hyperechoic masses on ultrasound. Smooth, lobulated, or well-circumscribed masses are also less common, with rates ranging from 4.2%e9% [5] to 20% in a small study of 32 patients [9] .
Other findings include focal shadowing without a discrete mass ( Figure 14 ) in approximately 18% of patients and a diffuse infiltrative hypoechoic pattern resembling fibrocystic change [5] .
Magnetic Resonance Imaging
The use of preoperative magnetic resonance imaging (MRI) has been controversial due to concerns regarding false positive results leading to unnecessary surgery; especially mastectomy. A recent large study (1,928 patients) looking at the consequences of preoperative MRI in patients with ILC concluded that MRI did not increase the rates of mastectomy as the final treatment [14] . The sensitivity of MRI is as high as 93.3%e95% [4, 15] and it is superior in identifying multifocality and multicentricity (2 or more foci in the same quadrant of the breast or different quadrants, respectively) [4] . Figure 15 shows a bilateral multicentric lobular cancer. Only the right lateral tumour was identified on mammography, the second ipsilateral deposit and contralateral tumour were only identified on MR. A meta-analysis of 21 studies found that MRI gave the most accurate estimation of size and resulted in changed surgical management in 28% of cases [15] . Subsequent histopathological analysis of these surgical specimens found that MRI had allowed an appropriate change in surgical management, for example performing a mastectomy instead of a wide local excision, in the vast majority (88%) of cases. The discrepancy between mammographic and MRI size is demonstrated in Figure 16 .
Only 6 of the studies reviewed by Mann et al [15] presented data on morphological features seen on MRI. They found a wide variation in the reported rates of masslike lesions (31%e95%). Of these the vast majority (86%) were described as irregular or spiculated. Lopez et al [4] described similar findings with the most common manifestation, in 31%e41%, being a solitary irregular or angular mass with spiculated or ill-defined margins (Figure 17) .
Other findings include a dominant lesion surrounded by multiple small enhancing foci with interconnecting strands, enhancing septa, and architectural distortion [4] ; and regional, ductal, segmental, or heterogenous enhancement [4, 15] . Clumped and segmental enhancement without a single, central mass are illustrated with Figures 18 and 19 , respectively. Unlike in IDC, maximum MR enhancement is often delayed and washout is present in a minority of patients [15] , as illustrated in Figure 20 .
Summary
Invasive lobular breast cancer accounts for a significant proportion of female cancers in the developed world and the incidence is steadily increasing. Due to its morphology and growth pattern, ILC frequently does not result in mass lesions on imaging and can be challenging to diagnose both clinically and radiologically. It is therefore vitally important that radiologists have a good understanding of the imaging features and recognize the importance of this disease entity to avoid delay in diagnosis and treatment. Figure 18 . Clumped nonemass regional enhancement in a large invasive lobular cancer. This figure is available in colour online at http://carjonline.org/. Figure 19 . Invasive lobular cancer as shown by nonemass ductal enhancement on magnetic resonance imaging. This presumably reflects the infiltrative manner in which invasive lobular cancer spreads. This figure is available in colour online at http://carjonline.org/.
